INTRODUCTION
Phototherapy is safe and effective in neonatal hyperbilirubinemia. 1 Despite its worldwide application, specific questions regarding methods of optimizing efficacy remain unanswered. Turning the infant is believed to increase the efficacy of phototherapy and this practice was routinely used in approximately half of neonatal departments in a recent survey. 2 We conducted a randomized clinical trial to study the effect of routine turning on the rate of decrease in serum total bilirubin concentration and on the duration of phototherapy.
METHODS
The study was approved by the Human Investigation Committee of the Soroka University Medical Center and by the Israel Ministry of Health. Written informed consent for both parts of the study was obtained from the parents in all cases.
Determination of ''Blanching Time''
In order to determine the optimal duration of exposure between turnings, we first conducted a pilot study to determine the time required to blanch the skin during phototherapy under standardized irradiance. This period was termed the ''blanching time.'' Inclusion criteria for this part of the study were birth weight >2500 g, serum total bilirubin concentration >18 mg/dl, and start of phototherapy at >48 hours of age.
Phototherapy was provided using a Fluoro-Lite Phototherapy System (Air Shields, Hatboro, PA) containing two white (True Lite Durotest, 20 W) and two blue (General Electric F20T12-B, 20 W) fluorescent tubes. This system delivered a measured irradiance of 635 W/cm 2 (8 W/cm 2 /nm) at a wavelength of 450 nm (Irradiance meter; Radiometer, Copenhagen, Denmark) when positioned 23-25 cm above the infant's mattress. Irradiance was confirmed before starting phototherapy and the height of the unit adjusted as necessary. Serum total bilirubin concentration was measured on capillary blood using a WAKO Bilirubin Tester SE 101 DII, Model Number 74345 (Bio-Tek Instruments, Highland Industrial Park, Winooski, VT). During phototherapy, the infants were placed supine in a standard cradle and were naked except for a diaper and eye cover. Body temperature was measured every 3 hours.
The skin ''blanching time'' was determined in nine infants by serial transcutaneous bilirubin index (TcB) measurements (Minolta transcutaneous bilirubinometer) over the sternum. TcB was measured before the start of phototherapy, every 15 minutes for 5 hours and every 30 minutes for a further 3 hours until three
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identical consecutive measurements were obtained. At each time point, three measurements were made and the average recorded.
The results showed a mean reduction of 31.1% in TcB in the first 150 minutes of phototherapy, as compared with a further reduction of only 4.1% during the next 150 minutes (p=0.05) ( Figure 1 ). Based on this finding, we decided that 150 minutes would be an appropriate duration for cycles of phototherapy for the turned group.
Turning Study
Inclusion criteria. Infants included in the study were healthy term infants with birth weight above 2500 g, had no congenital malformations, and had a serum total bilirubin concentration above 18 mg/dl at the start of phototherapy.
Randomization. Written informed consent was obtained from the parents in all cases. Following consent, the investigator opened a sealed, opaque envelope selected at random, which contained a card allocating the infant to either ''turning'' or ''supine.'' Routine care. All infants received phototherapy for periods of 150 minutes followed by a break of 30 minutes for feeding and routine nursing care. Infants in the turning group were positioned alternately supine or prone, while infants in the supine group were only positioned supine.
Before starting phototherapy, all infants had a full physical examination and routine laboratory investigations including blood group, Coombs' test, full blood count, quantitative G6PD assay, and serum direct and indirect bilirubin concentration. No infants were found to have abnormalities in blood count, G6PD, or direct bilirubin.
Serum total bilirubin concentration was measured every 6 hours and phototherapy was stopped after two consecutive measurements below 14 mg/dl.
Statistical Analysis
Sample size was calculated in order to demonstrate a shortening of phototherapy from an average of 2 days to 1 day. Using =0.05 and =0.2, 16 pairs of infants were required. The data were recorded and analyzed using SPSS for Windows, version 6. Student's t-tests were used for analysis of continuous variables and chi-squared tests for categorical variables. All p values less than 0.05 were considered significant. Continuous variables were expressed as mean±SD, and variables with markedly skewed distribution were analyzed with the Mann-Whitney rank sum test.
RESULTS

Patients Enrolled
Thirty-two infants were enrolled in the study. However, two infants from the turning group were excluded because of protocol violations -one received double phototherapy and one exchange transfusion.
Baseline Data
No significant differences were found between the two groups in terms of birth weight, gestational age, male/female ratio, type of feeds, hematocrit at start of phototherapy, and Coombs' test results (Table 1) . The age at the start of phototherapy was 93±32 hours in the turned group and 114±33 hours in the supine group, but this difference was likewise not statistically significant.
Response to Phototherapy
Infants in the supine group showed a significantly larger drop in serum total bilirubin concentration during the first 24 hours of therapy (supine group -mean 5.3±2 mg/dl; turning group -mean 3.9±2 mg/dl; p=0.031) ( Table 2 ). The mean duration of phototherapy was significantly shorter in the supine group (28±9 hours) than in the turned group (40±15 hours; p=0.02) (Figure 2 ). In order to assess the possible influence of the difference in age between the groups at the start of phototherapy, a multiple logistic regression analysis was performed. Age was not significantly related to the duration of phototherapy in this model.
DISCUSSION
This study has shown that turning of term infants with hyperbilirubinemia does not increase the efficacy of phototherapy. The practice of turning infants during phototherapy is based on the model of bilirubin kinetics as proposed by Vogl 3,4 and Weise.
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According to this model, the efficacy of phototherapy is directly correlated with the concentration of bilirubin in the skin. Thus, when the skin is blanched, phototherapy would be expected to be ineffective. Accordingly, these authors advocated intermittent phototherapy as this method would allow for reaccumulation of bilirubin in the skin and thereby improve efficacy. Likewise, turning the infant over from the blanched side to the bilirubin-loaded side would seem to be logical therapeutic maneuver. However, studies comparing intermittent with continuous phototherapy have reported conflicting results, and as concerns regarding possible side effects have gradually diminished, continuous phototherapy with turning of the infant has become a common practice. 6 -9 So far, only one randomized trial has studied the question of turning during phototherapy. Yamauchi et al. 10 compared turning every 6 hours with no turning in 44 full-term healthy newborns with hyperbilirubinemia. No significant difference was found between the groups in serum total bilirubin concentration during or 24 hours after phototherapy.
In order to attempt to explain why turning does not increase the efficacy of phototherapy, we wish to propose a modification of the traditional model of bilirubin kinetics of Vogl and Weise.
Bilirubin molecules leave the intravascular space by diffusion along a concentration gradient, which is maximal close to the blood vessels. 11 During phototherapy, photons react with bilirubin in the extravascular space, producing water-soluble isomers that diffuse back into the circulation and are subsequently excreted in the bile. 11 However, bilirubin can also undergo photoisomerisation when bound to albumin in the blood. 12, 13 When phototherapy is begun, bilirubin molecules in the extravascular space act as a filter that absorbs the photons and prevents their reaction with bilirubin in the vascular space.
14 After blanching of the skin, photons can reach the capillaries in the dermis and react directly with intravascular bilirubin. The time required for diffusion of bilirubin into and out of the extravascular space has been estimated as 3.5 hours. 11 Thus, it is reasonable to assume that, by saving the diffusion time, intravascular photoisomerisation may in fact be more efficient.
The hyperemic effect of phototherapy may also enhance this process by increasing the amount of blood available for interaction with photons of light. 15 The increased efficacy of green light may thus be partly explained by its longer wavelength and therefore deeper penetration into the dermal blood vessels. 16 In summary, this study demonstrates a need for a shorter duration of phototherapy in infants who were nursed supine as opposed to those who were turned. The proposed model of bilirubin kinetics during phototherapy may explain the findings.
An unintended potential benefit of placing infants only on their backs during phototherapy in the nursery may be to set a good example for compliance with ''back to sleep'' recommendations. 
